
SELECTION AND CHARACTERIZATION OF LOW-RANK COAL SAMPLES 

S.A. Benson, D.R.  K l e e s a t t e l ,  and H . H .  Schobert  

Un ive r s i ty  of North Dakota 
Energy Research Center  

Box 8213, U n i v e r s i t y  S t a t i o n  
Grand Forks ,  North Dakota 58202 

INTRODUCTION 

The c o l l e c t i o n  of low-rank coa l  samples a t  t h e  Un ive r s i ty  of  North Dakota 
Energy Research Center  (UNDERC) inc ludes  c o a l s  from t h e  major l i g n i t e  and sub- 
bituminous coa l  reg ions  of t h e  United S t a t e s .  P r imar i ly ,  t h e  coa ls  were c o l l e c t e d  
t o  provide  f r e s h ,  homogeneous, and we l l  c h a r a c t e r i z e d  samples f o r  p r o j e c t s  i n  coa l  
s c i ence  r e sea rch  a t  UNDERC. I n  t h e  p a s t ,  r e sea rch  has  been performed--on~-coa-l-in 
which no in fo rma t ion  was r e p o r t e d  o r  a v a i l a b l e  ~on--how t h e  samples were prepared  and 
s t o r e d ,  o r  on the  geography 2nd. geol-ogy o ? t h e  coa l  seam. Richard Neavel (1) po in t -  
ed.~out t h a t  work on "poor ly  s e l e c t e d ,  poor ly  c o l l e c t e d ,  poor ly  prepared ,  poor ly  pre-  
served and poor ly  c h a r a c t e r i z e d  c o a l  samples w i l l  on ly  l ead  u s  i n t o  f u r t h e r  con- 
fus ion . "  I t  i s  impor tan t  t h a t  c o a l  s c i ence  r e sea rch  be performed wi th  c a r e f u l l y  
c o l l e c t e d ,  p repa red ,  and documented samples so t h a t  t h e  r e s u l t i n g  da ta  on coa l  pro- 
p e r t i e s ,  composi t ion ,  and r e a c t i v i t y  w i l l  be meaningful t o  o t h e r  r e sea rche r s .  

- 

I n  t h e  p a s t  s e v e r a l  y e a r s  a g r e a t  d e a l  of i n t e r e s t  has sur faced  dea l ing  wi th  
sample banks.  The American P h y s i c a l  Soc ie ty  (2)  i d e n t i f i e d  t h e  need f o r  a sample 
bank of w e l l - s e l e c t e d ,  c h a r a c t e r i z e d  and p rese rved  coa l  samples t h e  l a c k  of which 
has  been a major o b s t r u c t i o n  i n  t h e  p a s t  t o  advancement of c o a l  r e sea rch .  A Coal 
Sample Bank Workshop was he ld  i n  March 1981 sponsored by t h e  Gas Research I n s t i t u t e  
and the  U.S. Department of  Energy t o  i d e n t i f y  t h e  need and problems a s soc ia t ed  w i t h  
s e t t i n g  up a Nat iona l  Coal Sample Bank (3). I t  i s  our  hope t h a t  the  informat ion  
presented  i n  t h i s  paper  w i l l  be o f  use t o  r e sea rche r s  i n t e r e s t e d  i n  e s t a b l i s h i n g  a 
sample bank or i n t e r e s t e d  i n  i n c o r p o r a t i n g  low-rank coa l  samples i n  e x i s t i n g  sample 
banks.  The mot iva t ion  f o r  such  work a t  LINDERC i s  t h e  need f o r  t h i s  type o f  r e sea rch  
t o  be accomplished f o r  low-rank c o a l s .  

Channel samples of  low-rank c o a l s  have been c o l l e c t e d  from va r ious  mines i n  
North Dakota, Montana, Colorado, New Mexico, and Texas. The samples were c a r e f u l l y  
c o l l e c t e d ,  homogenized, and s t o r e d  in an  i n e r t  atmosphere.  The c o a l s  were prepared  
i n  s e v e r a l  d i f f e r e n t  s i z e s  from -1/2 i nch  t o  -60 mesh and q u a n t i t i e s  from 15 k i l o -  
grams t o  250 grams. A t  UNDERC t h e  c o a l s  w i l l  be used t o  s tudy  va r ious  coa l  f e a t u r e s  
such a s  t h e  d i s t r i b u t i o n  of i n o r g a n i c s ,  o rgan ic  s t r u c t u r e ,  a s h  and s l a g  chemis t ry ,  
phys i ca l  and mechanical p r o p e r t i e s ,  and p y r o l y s i s  and e x t r a c t i o n  behavior .  I n  ad- 
d i t i o n ,  t r a c e  element a n a l y s i s ,  p roximate ,  u l t i m a t e ,  h e a t  con ten t ,  a s h  f u s i o n ,  and 
a s h  a n a l y s i s  w i l l  be performed. 

SAMPLE SELECTION AND COLLECTION PROCEDURES 

The s e l e c t i o n  of c o a l s  was based e i t h e r  on some d e s i r e d  unique c h a r a c t e r i s t i c s  
such a s  sodium c o n t e n t ,  o r  s l a g  v i s c o s i t y ,  o r  on product ion  tonnage. The goa l  i s  
e v e n t u a l l y  t o  have a s e t  of c o a l s  a v a i l a b l e  which r ep resen t  a wide range of  coa l  
p r o p e r t i e s  c h a r a c t e r i s t i c  of low-rank c o a l s .  The s e l e c t i o n  and p repa ra t ion  o f  coa l s  
w i l l  be an ongoing p r o j e c t  a t  LJNDERC for a t  l e a s t  two more yea r s  and t h e  t o t a l  s u i t e  
of samples w i l l  ex tend  beyond t h e  c o a l s  c o l l e c t e d  t o  d a t e .  The c o a l  ranks t o  be 
inc luded  range from low-grade l i g n i t e  t o  high-rank subbituminous.  
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When a mine has  been chosen f o r  sampling,  a p i t  w i t h i n  t h e  s u r f a c e  mine is 
s e l e c t e d ,  based e i t h e r  on some unique c h a r a c t e r i s t i c  o r  on ready a c c e s s a b i l i t y  t o  
t h e  P i t .  A " t y p i c a l  s ec t ion"  i s  s e l e c t e d  f o r  sampling which i s  f r e e  of f a u l t s ,  
slumping, o r  evidence of groundwater flow. The f a c e  of  t h e  seam or seams t o  be 
sampled is cleaned t o  expose f r e s h  nonweathered c o a l  f r e e  from extraneous mineral  
m a t t e r  which may have f a l l e n  from t h e  overburden. The coa l  seam i s  measured and a 
megascopic d e s c r i p t i o n  is  made of  t h e  c o a l  and a s s o c i a t e d  sediments .  A channel 
sample is c o l l e c t e d  t o  provide approximately 100 ki lograms o f  c o a l .  I n  some Cases,  
one-kilogram samples a r e  a l s o  c o l l e c t e d  a t  v a r i o u s  i n t e r v a l s  thoughout the seam, 
i n c l u d i n g  overburden, i n t e rbu rden  ( i f  two seams a r e  sampled) and unde rc l ay ,  t o  s tudy  
t h e  within-seam v a r i a b i l i t y .  A l l  samples a r e  s e a l e d  i n  p l a s t i c  bags and t r a n s p o r t e d  
t o  UNDERC f o r  p r e p a r a t i o n .  A l i s t  of  samples c o l l e c t e d  through November 1983 i s  i n  
Table  1 .  

'\ 

TABLE 1 

LOW-RANK COALS COLLECTED 

Mine 

Absaloka (Sarpy Creek) 
Ind ian  Head 
Beulah (High-Na) 
Beulah (Low-Na) 
Gascoyne (Red P i t )  
Gascoyne (Blue P i t )  
Velva 
Spring Creek 
F a l k i r k  
Glenharold 
Colorado Coal Co. 
Navajo 
San Miguel 
Mart in  Lake 
Savage 
Center  

Rank - 
Subbituminous 
L i g n i t e  
L i g n i t e  
L i g n i t e  
L i g n i t e  
L i g n i t e  
L i g n i t e  
Subbituminous 
L i g n i t e  
L i g n i t e  
Subbituminous 
Subbituminous 
L i g n i t e  
L i g n i t e  
L i g n i t e  
L i g n i t e  

State 

Montana 
North Dakota 
North Dakota 
North Dakota 
North Dakota 
North Dakota 
North Dakota 
Montana 
North Dakota 
North Dakota 
Colorado 
New Mexico 
Texas 
Texas 
Montana 
North Dakota 

Region 

Powder R ive r  
F o r t  Union 
F o r t  Union 
F o r t  Union 
F o r t  Union 
F o r t  Union 
F o r t  Union 
Powder R ive r  
F o r t  Union 
F o r t  Union 
Green R ive r  
San Juan 
Gulf Coast 
Gulf Coast  
F o r t  Union 
F o r t  Union 

The channel sample i s  c rushed ,  s p l i t ,  and s t o r e d  i n  p l a s t i c  o r  g l a s s  c o n t a i n e r s  
under an argon atmosphere.  The c rush ing  i s  done u s i n g  a hammer m i l l .  A diagram 
which i l l u s t r a t e s  t h e  procedure used f o r  p repa r ing  t h e  c o a l s  i s  shown i n  F igu re  1. 
The f i n a l  s p l i t t i n g  of t h e  -60 mesh c o a l  i s  done by a r o t a r y  r i f f l e  i n  a n  argon- 
purged glove box. These samples a r e  s t o r e d  i n  p l a s t i c  o r  g l a s s  c o n t a i n e r s  which a r e  
i n  t u r n  sea l ed  i n  a p l a s t i c  pouch. The -8 mesh c o a l s  a r e  s t o r e d  i n  p l a s t i c  con- 
tainers and purged w i t h  a rgon .  

The samples c o l l e c t e d  a t  v a r i o u s  l o c a t i o n s  w i t h i n  t h e  seam a r e  p repa red  f o r  
s e l e c t e d  c h a r a c t e r i z a t i o n  t echn iques ,  such a s  pe t rog raphy  of s e p a r a t e d  l i t h o t y p e s ;  
x-ray d i f f r a c t i o n  o f  t h e  overburden; i n t e rbu rden ;  unde rc l ay ;  and t r a c e  element  
a n a l y s i s .  This type of  work i s  being done t o  examine t h e  v a r i a b i l i t y  of o rgan ic  and 
ino rgan ic  c o n s t i t u e n t s  w i t h i n  t h e  seam and t o  understand i n t e r r e l a t i o n s h i p s  between 
coa l  p r o p e r t i e s .  

\ 
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RESULTS AND DISCUSSION 

The geologic  and geographic  d e s c r i p t i o n  of t h e  sampling a r e a  a long  w i t h  the 
a n a l y t i c a l  de t e rmina t ions  w i l l  be a v a i l a b l e  f o r  a l l  samples.  The types  of anal-  
y t i c a l  r e s u l t s  be ing  ob ta ined  i n c l u d e  proximate ,  u l t i m a t e ,  hea t  c o n t e n t ,  ash  fus ion ,  
a s h  a n a l y s i s ,  and t r a c e  element a n a l y s i s .  A s  an example, t h e  r e s u l t s  ob ta ined  fo r  
Indian  Head l i g n i t e  w i l l  be summarized he re .  Table 2 summarizes t h e  geographic and 
geologic  d e s c r i p t i o n  of t h e  Ind ian  Head Mine. The r e s u l t s  o f  t h e  a n a l y t i c a l  de te r -  
mina t ions  f o r  t h e  t r a d i t i o n a l  u l t i m a t e ,  p roximate ,  h e a t  con ten t  and a s h  ana lys i s  a r e  
summarized i n  Table 3. The t r a c e  element de t e rmina t ions  performed by neut ron  a c t i -  
va t ion  a n a l y s i s  (NAA) a r e  l i s t e d  i n  Table 4 .  The NAA ana lyses  were made by North 
Caro l ina  S t a t e  U n i v e r s i t y  ( 4 ) .  

TABLE 2 

GEOGRAPHIC AM) GEOLOGIC DESCRIPTION 
OF INDIAN HEAD MINE 

- -  

County Mercer 
S t a t e  North Dakota 
Town Zap 
Bas in  W i  111s ton  
Group F o r t  Union 
Formation S e n t i n e l  Bu t t e  
Bed Beulah-Zap 
Age Paleocene 

Grand Forks Number 83-0008 
Sampling Date 11/83 

The informat ion  shown i n  Tables  2-4  is s t e a d i l y  supplemented by cha rac t e r -  
i z a t i o n  d a t a  from s e v e r a l  r e s e a r c h  groups w i t h i n  t h e  UNDERC Coal Sc ience  Div is ion ,  
which i n c l u d e  Ash and S lag  Chemis t ry ,  Organic Chemistry,  D i s t r i b u t i o n  of Inorganics  
and Geochemistry, Phys ica l  P r o p e r t i e s  and Mois ture ,  and Coal R e a c t i v i t y .  Samples of 
l i t h o t y p e s  have been sepa ra t ed  f o r  c h a r a c t e r i z a t i o n  by many of  t h e  above techniques 
t o  supplement t h e  "whole coa l "  d a t a .  Pe t rography is a l s o  be ing  performed on t h e  
homogenized channel sample and t h e  sepa ra t ed  l i t h o t y p e s .  

SUMMARY AND CONCLUSIONS 

The low-rank coa l s  have been c o l l e c t e d  t o  o b t a i n  c o a l s  which r ep resen t  a broad 
range of low-rank c o a l  c h a r a c t e r i s t i c s .  These c o a l s  a r e  c a r e f u l l y  c o l l e c t e d ,  p re -  
pared ,  and s t o r e d  under an a rgon  atmosphere.  These samples a r e  no t  comparable t o  
those  i n  a premium sample bank, because  they  a r e  s t o r e d  a t  room tempera ture  and a r e  
n o t  c o l l e c t e d  i n  l a r g e  r e se rve  q u a n t i t i e s .  A l l  t h e  d a t a  genera ted  w i l l  be en tered  
i n  a computer system and can be r e a d i l y  accessed .  The r e s u l t s  of s t u d i e s  on these  
c o a l s  w i l l  p rovide  i n s i g h t  i n t o  t h e  i n t e r r e l a t i o n s h i p s  of va r ious  coa l  p r o p e r t i e s ,  
bo th  with each o t h e r  and wi th  c o a l - s p e c i f i c  p rocess  responses .  
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TABLE 3 

RESULTS OF ANALYSES FOR INDIAN HEAD LIGNITE 

Ul t imate  Analys is  

C 
H 
N 
S 

Proximate 

Moisture 
V o l a t i l e  Mat te r  
Fixed Carbon 
Ash 

W t  % ( a s  r ece ived)  

44.08 
6 .36  
0 .64  
0 .38  

34 .0  
27 .4  
33.8 

4 .8  

Heat Content 7329 Btu / lb  

Ash Analys is  

Si02 

Fe203 
Ti02 

CaO 

Na20 

pzos 

MgO 

K 2 0  
so3 

\ TOTAL 

W t  % of  a s h  

21.1 
11.9 
8 .5  
1 . 0  
0 . 5  

20 .9  
6 . 5  

11.9 
0 . 1  

15 .6  

98 .1  

\ Mineralogy of  coa l  by x- ray  d i f f r a c t i o n  of low-temperature a s h  - 
quar t z  
k a o l i n i t e  
p y r i t e  

\ 

Carboxylic a c i d  group con ten t  2.48 meq/gram. 
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TABLE 4 

NEUTRON ACTIVATION ANALYSIS OF INDIAN HEAD LIGNITE FROM NORTH DAKOTA 

Element 

Titanium 
Iodine 
Manganese 
Magnesium 
Copper 
Vanadium 
Chlorine 
Aluminum 
Sama rium 
Uranium 

Concentration, ppm 

110 f 20% 
<3.0 
4 .6  t 5% 
410 f 15% 

3.00 ? 2% 
16 f 20% 

3020 t 1% 
0 . 4  f 2% 
0 . 3  f 10% 

( 2 5 . 0  

Lanthanum 4.7 f l.%- ~- ~ - 
a . - o  Cadmium 

Gold <0.001 
Arsenic 5 f 1% 
Antimony 0.2 f 1% 
Bromine 1 . 1  f 1% 
Sodium 6220 f 1% 
Potassium ( 5 0 0 . 0  
Cerium 7 . 8 0  i: 10% 

. ~~ 

~~ 

Calcium 
Selenium 
Thorium 
Chromium 
Europium 
Ytterbium 
Barium 
Cesium 
Silver 

Nickel 
Scandium 
Rubidium 
I ron 
Zinc 
Cobalt 
Silicon 
Molybdenum 

3760 ? 10% 
0.50  f 10% 

1 f 1% 
2 f 15% 

0.09 f 10% 
0 . 4  f 20% 
520 f 5% 
0 . 1  f 10% 

< O .  08 

C 2 5 . 0  

C5.0 
3570 f 3% 

6 .4  f 20% 
1.60 f 1% 

1 . 3  f 1% 

<35,000.0  
<10.0 

I 

r 

I ,  

I 
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FIGURE 1. Schemaric of sample preparation procedure for channel sample. 


